a b s t r a c t Traumatic brain injury (TBI) represents a leading cause of morbidity and mortality among young individuals. Alcohol abuse is a risk factor associated with increased TBI incidence. In addition, up to 26% of TBI patients engage in alcohol consumption after TBI. Limited preclinical studies have examined the impact of post-injury alcohol exposure on TBI recovery. The aim of this study was to determine the isolated and combined effects of TBI and alcohol on cognitive, behavioral, and physical recovery, as well as on associated neuroinflammatory changes. Male Sprague-Dawley rats ($300 g) were subjected to a mild focal TBI by lateral fluid percussion ($30 PSI, $25 ms) under isoflurane anesthesia. On day 4 after TBI, animals were exposed to either sub-chronic intermittent alcohol vapor (95% ethanol 14 h on/10 h off; BAL $ 200 mg/dL) or room air for 10 days. TBI induced neurological dysfunction reflected by an increased neurological severity score (NSS) showed progressive improvement in injured animals exposed to room air (TBI/air). In contrast, TBI animals exposed to alcohol vapor (TBI/alcohol) showed impaired NSS recovery throughout the 10-day period of alcohol exposure. Open-field exploration test revealed an increased anxiety-like behavior in TBI/alcohol group compared to TBI/air group. Additionally, alcoholexposed animals showed decreased locomotion and impaired novel object recognition. Immunofluorescence showed enhanced reactive astrocytes, microglial activation, and HMGB1 expression localized to the injured cortex of TBI/alcohol as compared to TBI/air animals. The expression of neuroinflammatory markers showed significant positive correlation with NSS. These findings indicated a close relationship between accentuated neuroinflammation and impaired neurological recovery from post-TBI alcohol exposure. The clinical implications of long-term consequences in TBI patients exposed to alcohol during recovery warrant further investigation.
Introduction
Traumatic brain injury (TBI) represents a leading cause of morbidity and mortality among young individuals in the United States. The severity of a TBI ranges from mild to severe, and $75% of TBIs are classified as mild TBIs (Centers for Disease Control and Prevention (CDC), 2003) . Mild TBI has received much attention recently because of its high prevalence in contact sports ((CDC), 1997; Pellman et al., 2004) . Additionally, TBI that occurs during combat, caused by a blast or explosion, often leads to a sudden loss of consciousness and is classified as mild TBI (Hoge et al., 2008; Terrio et al., 2009) . Apart from the at-risk populations, mild TBI commonly occurs in the general population (Centers for Disease Control and Prevention (CDC), 2003), and it has become a major issue because of the unknown, yet potential long-term consequences such as neurodegenerative changes in the brain (Loane et al., 2014; Pellman et al., 2004) .
While victims of mild TBI often show physical recovery within a few months, psychological symptoms such as heightened irritability, anxiety, apathy, or depression may develop and linger for a longer period of time (Carroll et al., 2004; Hibbard et al., 2004; Whyte et al., 1996) . The development of post-traumatic stress disorder (PTSD) is particularly relevant to military personnel following a combat-acquired TBI (Jacobson et al., 2008; Morissette et al., 2011) . Combat TBI victims are reported to consume alcohol in an attempt to alleviate post-concussion symptoms (Adams et al., 2012c; Dikmen et al., 1995; Eisen et al., 2012; Jorge et al., 2005; Miller et al., 2013 
